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§4. Nonlinear Simulations of Pressure-Driven 
Instabilities in Helical Plasmas 
Hayashi, T., Nakajima, N., Sato, T. 
We execute linear analyses and nonlinear sim-
ulations of pressure driven instabilities in a he-
lical device. Nonlinear simulations in a full 3D 
geometry of a helical device, as are addressed in 
this study, have seldom been attempted so far. 
As a first approach for this attempt, we study 
an H-1 Heliac configuration, which is character-
ized by the low magnetic shear. Because of this 
low shear property, eigenfunctions of unstable 
modes tend to have a global nature in the mi-
nor radius. 
In thelinear analyses, both high-n ballooning 
and Mercier modes are studied for 3D equilib-
ria obtained by the HINT code. For a shallow 
vacuum well case of H-1 Heliac, linear analysis 
predicts that it is stable for ,8(0) = 1% and is 
unstable for 2% with the bell-shaped pressure 
profile, where both interchange and ballooning 
modes are unstable in the inner region, and only 
the ballooning mode is unstable in the outer re-
giOn. 
In the nonlinear simulations, we solve com-
pressible full 3D MHD equations defined on 
the 'helical-toroidal' coordinate that is used in 
the HINT equilibrium code. We employ finite 
difference method in three spatial directions, 
where the numerical scheme has 4th order ac-
curacy both in time and space. As an initial 
condition, we use a currentless equilibrium ob-
tained by the HINT code, with ,8(0) = 1%. The 
equilibrium is kept eternally in the nonlinear 
simulation if the beta is kept fixed, in agree-
ment with the linear analyses. ,8 is gradually 
increased by an assumed heating source term in 
the pressure equation, and unstable modes are 
excited eventually. 
Nonlinear simulations show that pressure 
driven modes act as barrier against an attempt 
to increase beta, and causes deformation and 
redistribution of the pressure profile. In the lin-
ear phase of development, the property of the 
excited modes are consistent with the linear pre-
diction. In the nonlinear phase, however, many 
modes are excited simultaneousl.y, and strong 
coupling between those modes occur, thus the 
pressure profile for those modes becomes com-
plicated. The peak beta value decreases gradu-
ally. What should be noted is that after some 
time, all the modes once excited become stable, 
and the overall pressure profile is smoothed and 
becomes broader. 
In a nonlinear simulation for a broader initial 
pressure profile, we observe the low-n ballooning 
mode predominantly evolves, where the defor-
mation is localized in the bad curvature region, 
mainly in the outer side at the toroidal angle 
with the outer excursion of surfaces. 
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Fig. 1 Nonlinear evolution of pressure profile 
for shallow vacuum well H-1 Heliac. 
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